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Abstract
Background
Many university students experience high levels of study-related fatigue. This high preva-
lence, and the negative impact of fatigue on health and academic performance, call for pre-
vention and reduction of these symptoms. The primary aim of the current study was to
investigate to what extent an exercise intervention is effective in reducing three indicators of
study-related fatigue (emotional exhaustion, overall fatigue, and need for recovery). Effects
of exercise on secondary outcomes (sleep quality, self-efficacy, physical fitness, and cogni-
tive functioning) were also investigated.
Methods
Participants were students with high levels of study-related fatigue, currently not exercising or
receiving other psychological or pharmacological treatments, and with no medical cause of
fatigue. They were randomly assigned to either a six-week exercise intervention (low-intensity
running three times a week, n = 49) or wait list (no intervention, n = 48). All participants were
measured before the intervention (T0), and immediately after the intervention (T1). Exercisers
were also investigated 4 weeks (T2) and 12 weeks (T3) after the intervention.
Results
Participants in the exercise condition showed a larger decrease in two of the three indicators
of study-related fatigue (i.e., overall fatigue and need for recovery) as compared to controls.
Additionally, sleep quality and some indicators of cognitive functioning improved more
among exercisers than among controls. No effects were found for self-efficacy, and physical
fitness. The initial effects of the exercise intervention lasted at follow-up (T2 and T3). At 12-
week follow up (T3), 80% of participants in the exercise condition still engaged in regular
exercise, and further enhancements were seen for emotional exhaustion, overall fatigue,
and sleep quality.
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Conclusions
These results underline the value of low-intensity exercise for university students with high
levels of study-related fatigue. The follow-up effects that were found in this study imply that
the intervention has the potential to promote regular exercise and accompanying beneficial
effects in the longer run.
Trial Registration
Netherlands Trial Register NTR4412
Introduction
University students are often faced with study stress, resulting from high study demands, and
concern about academic grades [1,2]. When this study stress is prolonged and exceeds stu-
dent’s adaptive resources, it can result in high levels of study-related fatigue [3–5] or in burnout
(a more severe expression of study-related fatigue; [2]). A substantial number of university stu-
dents experience study-related fatigue (e.g., estimated at 10% in the Netherlands—the country
under study; [6]), and it is expected that this number will further increase [7], for instance due
to increased performance demands (e.g., in the Netherlands, a minimum number of European
credits is required in order to continue the study), and increased financial study costs (e.g.
from 2015, in the Netherlands students no longer receive a governmental study gift, but a study
loan, see: [8]). The prevalence of study-related fatigue, and its negative impact on health [9]
and on academic performance [10], call for prevention and reduction of these complaints.
Evidence is emerging that regular exercise may be an accessible and inexpensive way to pre-
vent or reduce (study-related) fatigue [11–14]. Both psychological and physiological working
mechanisms may underlie potential positive effects of exercise on study-related fatigue. With
respect to the former (see [15] for an overview), exercise may, for instance, help students to dis-
tract from (negative) thoughts about study demands (‘psychological detachment’; [16]).
Detachment by means of exercise may enable students to return to a relaxed psychophysiologi-
cal state that enhances the feeling of being refreshed by the start of a new (study) day [17–19].
Regarding the latter it is, for instance, hypothesized that individuals who exercise regularly—
compared to those who do not exercise—show faster physiological (e.g., blood pressure) recov-
ery from a stressor once the stressor is no longer present [20,21], which decreases the likelihood
that persistent fatigue occurs [18]. The few available intervention studies concerning (study-
related) fatigue show favorable effects of exercise, but research in this area can be advanced, as
these studies did not include a control group [22] or focused on general fatigue instead of
study-related fatigue [23]. To our knowledge, well designed randomized controlled trials to
examine the efficacy of exercise for reducing study-related fatigue have as yet not been con-
ducted. Therefore, the first aim of the current study was to investigate to what extent an exer-
cise intervention (i.e., low intensity running, three times a week) is effective in reducing study-
related fatigue. To this purpose, we carefully selected students with high levels of study-related
fatigue and randomly assigned them to either an exercise intervention or wait list in order to
establish to what extent the exercise intervention reduced fatigue (primary outcome) as com-
pared to the natural course of time. In accordance with the proposed working mechanisms,
and with available research pointing to the beneficial effects of exercise on fatigue [22,23], we
expect that:
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Hypothesis 1: The exercise intervention reduces study-related fatigue
Additionally, we aimed to obtain insight in the extent to which the exercise intervention is
effective in improving four (secondary) outcomes relevant for students with high levels of
study-related fatigue, to get a better understanding of a possible broader impact of the interven-
tion. First, it was investigated whether exercise benefits sleep. Research shows that high levels
of fatigue are linked to lower sleep quality [24]. For instance, it has been found that fatigued
individuals spend less time in the sleep stages of slow wave and rapid eye movements sleep
[25]. Spending enough time in these sleep stages is indicative of good sleep quality, and a requi-
site for feeling rested during the day and for adequate (academic) performance [26]. It has
been argued that exercise promotes more sleep in these stages [27], although it is not exactly
clear why this is the case. Several hypotheses have been proposed. One hypothesis is that the
raised body temperature resulting from exercise is the link to better sleep quality (see for an
overview of hypotheses: [27]). Based on proposed mechanisms and available evidence, we
hypothesize:
Hypothesis 2a: The exercise intervention improves sleep quality
It has also been argued that exercise extends sleep duration, because the physical tiredness
resulting from the effort expended during exercise may promote falling asleep [27]. Therefore,
we expect:
Hypothesis 2b: The exercise intervention improves sleep duration
Second, it was investigated whether exercise benefits self-efficacy. Research shows that
higher levels of fatigue are associated with lower self-efficacy [28]. It has been proposed that
exercise generates self-efficacy through mastery experiences: individuals who are successful in
fulfilling challenging tasks (such as exercise) by means of their own efforts develop abilities
that foster confidence in themselves [29,30]. As the sample under study consists of students
who did not engage in regular exercise before the intervention, we assume that exercise is a
challenging task. Therefore, we expect that:
Hypothesis 2c. The exercise intervention improves self-efficacy
Third, it was examined whether the exercise intervention improves physical fitness. There is
irrefutable evidence that regular exercise benefits physical fitness [31]. As we selected students
who did not engage in regular exercise, we expect that gains can be obtained with respect to
their physical fitness when they adopt a regular exercise pattern. Therefore, we propose:
Hypothesis 2d. The exercise intervention improves physical fitness
Fourth, the effect of exercise on cognitive functioning was studied. Fatigued individuals
often report difficulties in everyday cognitive performance, such as slow thinking, and they per-
form worse on objectively measured cognitive functioning [32]. An emerging body of research
points towards the idea that exercise improves (certain aspects) of cognitive functioning, espe-
cially the executive functions [33]. It has been argued that these improvements occur, since
exercise stimulates the growth of new neurons (i.e. ‘neurogenesis’) in certain areas in the brain,
such as the hippocampus that is associated with learning and memory [34]. Based on current
insights, we expect:
Hypothesis 2e. The exercise intervention improves cognitive functioning
The final objective of this study was to investigate whether the effects of the exercise inter-
vention would last on the longer term, and whether the follow-up effects were strongest for
participants who spend more time on exercise during the follow-up period. To this purpose,
we investigated whether intervention effects persisted at 4 weeks and 12 weeks after the inter-
vention. Since we expect participants to have become accustomed to exercising regularly (i.e. to
have developed an exercise-habit) and therefore continue running, we expect that:
Hypothesis 3a: The positive effects of the intervention are maintained at 4-week and
12-week follow-up.
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As can be assumed that participants who exercise (more) regularly after the intervention are
more exposed to the beneficial working mechanisms of exercise, we expect:
Hypothesis 3b: The follow-up effects are strongest for participants who spend more time on
exercise during the follow-up period
Methods
Participants were randomly assigned to one of two parallel groups, in a 1:1 ratio. It was investi-
gated whether the exercise intervention was superior to wait list. The study protocol was
approved by Ethical Commission Social Sciences of the Radboud University (registration num-
ber: ECSW2013-1811-142, see S1 and S2 Protocols). Additionally, the study protocol was regis-
tered in the Netherlands Trial Register before recruiting participants (NTR; see http://www.
trialregister.nl): NTR4412. In the study protocol it was stated that participation in daily life
(social interaction with family, friends, and student networks) would be assessed as well (i.e.,
secondary outcome). As we did not find a proper measure for this outcome, we preferred to
not include this outcome in the current study.
Eligibility criteria
Eligible participants were university students reporting high levels of study-related fatigue,
defined by a score above validated cut-off points on two measures of (study-related) fatigue:
2.2 on the Emotional Exhaustion Scale of the Utrecht Burnout Scale for Students (UBOS-S;
[2, 35]) and 22 on the Fatigue Assessment Scale (FAS; [36]). Participants were excluded if at
the time of the study screening they a) exercised more than one hour a week; b) received psy-
chological or pharmacological treatment for their fatigue complaints; c) reported a medical
cause of their fatigue; d) were addicted to drugs, and e) were physically unable to run.
Procedure
The study took place at the Radboud University (The Netherlands) from January 2014 to
August 2014. Students were approached through different channels: by short recruitment talks
during lectures, the Radboud University’s Research Participation System, social media, and fly-
ers. Those interested in participation could fill out the UBOS (emotional exhaustion) and the
FAS (overall fatigue) questionnaires on the study’s website (www.runtervention.nl). If partici-
pants scored2.2 on the UBOS, and22 on the FAS, they were asked to answer questions to
assess the other criteria for eligibility. If they were eligible to participate, they visited the first
author or a research assistant to read and sign informed consent, and to complete other base-
line measures. Next, the randomization procedure was conducted.
Randomization
The randomization procedure was conducted in a blocked fashion. We planned to deliver the
intervention in groups of 10 participants. Of every block of 20 participants, 10 were allocated
to the exercise intervention and 10 to the wait list. Participants were given a sealed and opaque
envelope with the allocation. After opening the envelope, participants were allowed to tell the
researcher in which group they were allocated.
Exercise intervention
The exercise intervention comprised six weeks in which participants ran three times a week:
twice a week in a group of ten people under supervision of a licensed running trainer and once
independently (they were allowed to run with others). The running sessions took place
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outdoors on Tuesdays and Thursdays from 6 PM until 7 PM. Participants were instructed to
run on a low intensity, in a pace that allowed them to have a conversation during running. The
ability to converse during exercise has been shown to match low intensity exercise [37]. Low
intensity was chosen because this intensity is preferable for lowering fatigue [23,38], and
because it reduces the risk of injuries [39]. In addition, participants were advised to keep at
least one day of rest (i.e. no running) in between the running sessions to diminish the risk of
injuries. Furthermore, participants were told that the focus during running was not on running
as long or as fast as possible, but rather on ‘feeling good’.
Two trainers supervised each running group, with each trainer supervising one running ses-
sion a week. Trainers were all members of the Dutch Foundation of Running Therapy, a foun-
dation focused on offering running to people with psychological complaints (www.
runningtherapie-nederland.nl). Trainers had at least two years of experience in giving Running
Therapy, and had been trained in psychopathology, physiology, and running training principles.
Trainers were instructed to observe participants’ running intensity (i.e. make sure that all partic-
ipant were able to have a conversation during running) and keep the focus on ‘feeling good’.
Each running session comprised 60 minutes: a warming up of about 15 minutes (running
on a low intensity alternated with walking and flexibility exercises), a core program consisting
of running alternated with walking of about 30 minutes, and a cooling down of about 15 min-
utes. During the six weeks, the periods of running in each running session were extended, and
the walking periods shortened, so that after six weeks the participants were able to run 20 min-
utes uninterrupted on a low intensity.
Control condition
During the six weeks of the exercise intervention, the participants in the control condition
were on a wait list and thus received no intervention. After these six weeks, they were given the
opportunity to follow the exercise intervention as well.
Primary and secondary outcomes
Primary and secondary outcomes were measured pre (T0), and post (T1) intervention among
all participants. Those in the experimental condition were also measured at follow-up: 4 weeks
(T2), and 12 weeks after the intervention period (T3). At follow-up, physical fitness was only
measured at T3, since 4 weeks constitutes a relatively short time to notice differences in physi-
cal fitness [40]. Due to possible learning effects [41], cognitive functioning was not measured at
follow-up.
Study-related fatigue. Study-related fatigue was measured with three indicators: emo-
tional exhaustion, overall fatigue and need for recovery. We based the inclusion criteria on the
first two indicators only, since a validated cut off score for need for recovery does not exist.
Emotional exhaustion was measured with a Dutch adaptation of the Maslach Burnout
Inventory (MBI; [42]): Utrecht Burnout Scale [35]. We used a modified version that was espe-
cially developed for students (UBOS-S; [2]). From this questionnaire, the ‘Exhaustion’ scale
was used, consisting of 5 items, answered on a 7-point Likert scale. An example question is: “I
feel burned out from my studies” (0 = never, 6 = always; every day). A mean score was com-
puted. A mean score 2.2 is considered as ‘high’ emotional exhaustion [35]. Cronbach’s alpha
ranged between .81 (T1) and .90 (T4).
Overall fatigue was measured with the 10-item Fatigue Assessment Scale (FAS), developed
and validated by Michielsen, de Vries & Van Heck [36]. An example question is: “I am both-
ered by fatigue”. Items were rated on a 5-point Likert-scale (1 = never, 5 = always). A sum
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score was computed, and a score of 22 is determined as a ‘high’ level of fatigue [38]. Cron-
bach’s alphas ranged between .79 (T1) and .88 (T4).
Need for recovery was assessed with the 6-item ‘Need for Recovery Scale’ [43]. We adapted
the scale for students, meaning that ‘work’ was replaced by ‘study’. An example item is “I find
it hard to relax at the end of a day of studying”, and all items were rated on a 4-point Likert
scale (1 = (almost) never, 4 = (almost) always). A mean score was computed. Cronbach’s alpha
ranged from .75 (T1) and .87 (T4).
Sleep. To assess sleep quality, a sum score was computed of six items adapted from the
sleep quality scale of the Questionnaire on the Experience and Evaluation of work (VBBA;
[44]). The questions tapped into the three main components of insomnia [45]: ‘difficulty initi-
ating sleep’ (1 item, i.e., “I have difficulties falling asleep”), ‘difficulty maintaining sleep’ (2
items, e.g. “I often wake up during the night”), and ‘non-restorative sleep’ (2 items, e.g. “Most
of the time, I feel refreshed when I wake up” [reversed]). Furthermore, there was one overall
question for sleep quality: “I often sleep well”. All items had a dichotomous answer category:
1 = yes, 0 = no. Positively formulated items were reversed, and a sum score was calculated, so
that a higher score indicates more sleep complaints. Cronbach’s alphas ranged between .61
(T1) to .76 (T4). In addition, sleep quantity (mean hours of sleep a night) was questioned.
Self-efficacy. To measure self efficacy, the 12-item General Self Efficacy Scale was used
(GSES-12; [46]). An example item is: ‘When I make plans, I am certain I can make them work’.
A mean score was computed of all items, rated on a 5-point Likert scale (1 = strongly disagree,
5 = strongly agree). Cronbach’s alphas ranged between 0.80 (T1) and 0.86 (T2).
Physical fitness. Physical fitness was measured with the Conconi test [47]. Although the
test received some critics (see [48]), it has been argued that it provides an appropriate indicator
of the heart rate deflection point on which physical fitness can be assessed [49]. The test was
performed on a stationary cycle ergometer in the Radboud University Sport Centre. Partici-
pants wore a heartrate belt, and were instructed to cycle as long as physically possible and to
keep their cadence between 70–80 rpm. Before starting the actual test, participants completed a
warm-up procedure, consisting of 4 minutes of low-intensity cycling. The start intensity
(power—the number of watts) was based on weight and age and thus differed between partici-
pants. During the test, the wattage gradually increased, and the time cycling per watt interval
gradually decreased. After finishing the test, the heart rate deflection point was determined by
the software (e.g. the point at which the heart rate—power relationship deviates from linearity;
see [48]). Estimated Vo2max ml/kg/min was based on the heart rate deflection point, the num-
ber of watts, age, and gender [47]. Completion of the test took about 20 minutes.
Cognitive functioning. Cognitive functioning was measured with one self-report mea-
sure, and three objective performance tests. These tests measured three types of executive func-
tioning: updating, inhibition, and switching [50].
Self-reported cognitive functioning was measured with the Dutch translation of the Cogni-
tive Failures Questionnaire (CFQ; [51]). It consists of 25 items rated on a 5-point Likert scale
(1 = never, 5 = very often), and an example question is: “Do you find you forget appoint-
ments?”. A mean score was computed. The reliability of the scale ranged between α = 0.83 (T1)
and α = 0.90 (T2).
Updating refers to constant monitoring and fast addition/deletion of information in work-
ing-memory [52] and was assessed by the 2-Back task [53]. The test consisted of 284 letters
that were displayed one-by-one in the centre of a computer screen. The letters were ‘b’, ‘d’, ‘g’,
‘p’, ‘t’, and ‘v’ and were both displayed as capital and small letters. Stimulus duration was set at
450 ms with the interval between two stimuli fixed on 750 ms. Once a letter appeared that was
similar to a letter that had appeared two stimuli before, participants had to push a button on a
button-box (target rate 32.5%). For a correct response, no distinction was made between capital
Exercise and Study-Related Fatigue
PLOS ONE | DOI:10.1371/journal.pone.0152137 March 31, 2016 6 / 21
and small letters. Completion of the test took about seven minutes. The number of correct
responses was used as a measure for updating.
Inhibition addresses the suppression of dominant but irrelevant automatic responses to
stressors [52] and was measured by the Sustained Attention to Response Test (SART; [54]). A
total of 450 digits (ranging from 1–9) were displayed one-by-one in the centre of a computer
screen in a random fashion. Participants had to push a button on a button-box each time when
they saw a digit, except if the digit was ‘3’ (target rate 11.1%). Digits were displayed for 250 ms
and the interval between digits was fixed at 850ms. Completion of the test took about eight
minutes. The number of ‘correct inhibitions’ (not pressing the button when a ‘3’ was displayed)
constituted the measure for inhibition.
Switching refers to the ability of shifting between different tasks [52] and was measured
with the Matching task [55]. In each trial of the test, four different geometric figures (circle,
hexagon, square and triangle) were displayed in four different colours (blue, green, red and yel-
low) in the lower half of the screen. Also, a coloured reference geometric figure was shown in
the upper half of the screen. The participants had to match the reference figure (in the upper
half of the screen) to one of the four figures (in the lower half of the screen) according to shape
or colour. The combination between colour and shape figures was presented in such a way that
there was one correct answer. Whether participants had to match according to shape or colour,
was (randomly) indicated by a cue that was displayed for 1000ms. Participants could push one
of the four buttons on a keyboard that corresponded to each of the four match figures in the
lower half of the screen. Participants had to push the button as fast as possible. The whole test
consisted of 31 task runs, each consisting of on average six trials (range: 4–8 trials). For all the
trials during one task run, one cue was given (matching according to shape or colour). During
the test, half of all task runs consisted of ‘switch’ runs, in which the type of cue differed from
the previous run. The other half consisted of ‘repetition’ runs, in which the type of cue was
identical to the previous run. The duration of the test was about six minutes. The reaction time
of the first trial of the ‘switch’ or the ‘repetition’ runs was used as a measure for ‘switching’ and
‘repetition’ respectively. Runs in which the cue was not correctly followed or in which no
response was given, were not included in the analyses.
To obtain a full assessment of cognitive functioning, we additionally explored the subjective
costs (fatigue, motivation, demands, and effort) associated with performing the cognitive tests
[56–58]. Before doing the cognitive tests, participants rated how motivated they were to do the
tests. Fatigue was measured prior to and after the tests. After completing all the tests, partici-
pants were asked how demanding the tests had been, and participants indicated how much
effort they spent when doing the tests. The subjective costs of doing the cognitive tests were
measured by using single item measures, answered on a scale from 1 (not at all) to 10 (very
much).
Exercise behaviour. At T4 (follow-up after 12 weeks), participants in the exercise condi-
tion were asked to indicate how frequently and how many minutes a week they exercised in
general during the 12-week follow-up period after the intervention.
Power analysis
To determine the number of participants, a power analysis was conducted in the program
GPower [59]. This analysis was based on a repeated measures MANOVA (RM-MANOVA)
with time as within subjects factors and condition as between subjects factor. This analysis
showed that a total of 90 participants was required in order to detect a medium effect of .30
(Pillai’s V) on study-related fatigue outcome from pre to the immediate post intervention,
given a two-sided 5% significance level and a power of 80%. A comparable previous study
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showed a medium effect size as well [23]. Because we anticipated a dropout rate of about 20%,
we intended to recruit 108 participants. During the study, however, the dropout turned out to
be low. Consequently, it was decided to stop recruiting after the number of 100 participants
had been reached (five blocks of 20 participants).
Statistical analyses
We used SPSS version 19 to analyze the data [60]. The statistical analyses were based on the
intention-to-treat principle [61]. This means that all participants who were randomized were
included in the analyses (i.e., also those who ended their participation before or during the
intervention period).
Pearson correlations (r) were used to explore whether the three indicators of study-related
fatigue were inter-related. In order to test whether the exercise intervention was effective in
reducing these three indicators of study-related fatigue (H1), a RM-MANOVA was conducted
with ‘time’ (pre [T0] versus post intervention [T1]) as within-subjects factor and ‘condition’ as
between-subjects factor (‘intervention’ versus ‘wait list’). For the effects of the exercise interven-
tion, we were interested in the Group × Time interactions of these RM-(M)ANOVAs, since an
interaction indicates that the change in the outcome over time is different between conditions.
Additionally, to investigate the extent to which the intervention resulted in clinical mean-
ingful changes [62] in the primary outcomes emotional exhaustion and fatigue, a Chi Square
Test was performed to examine if the proportion of participants that were ‘recovered’ at T1
(for burnout:<2.2 on the UBOS; for fatigue:<22 on the FAS) differed between the exercise
and the wait list condition. An effect size (φ) between .2–.5 was considered as small, .5–.8 as
medium, and>.8 as large [63].
Separate repeated measures (M)ANOVAs were done with ‘time’ (pre [T0] versus post inter-
vention [T1]) as within-subjects factor and ‘condition’ as between-subjects factor (‘interven-
tion’ versus ‘wait list’) to investigate the effect of the exercise intervention on sleep (H2a and
H2b), self-efficacy (H2c), and physical fitness (H2d). The four indicators of cognitive function-
ing (H2e), and subjective costs were also separately analyzed by means of a (M)ANOVA. The
Matching Task was analyzed using a 2 × 2 × 2 mixed design with ‘run type’ (switch versus repe-
tition) and ‘time’ (pre [T0] versus post intervention [T1]) as within factors and ‘condition’ as
between factor (‘intervention’ versus ‘wait list’).
To find out whether intervention-effects would persist during the follow-up period (H3a)
among participants in the exercise condition (i.e. participants in the control condition were not
measured at follow up, because during this period they received the exercise intervention), sep-
arate RM-(M)ANOVAs for the outcomes were performed with ‘time’ (pre [T0] vs. post inter-
vention [T1] vs. 4 weeks after the intervention period [T2] vs. and 12 weeks after the
intervention period [T3]) as within-subjects factor. Since physical fitness was not measured at
T2, the RM-ANOVA for this outcome included three time points (T0, T1, and T3). If the time
effect of the RM-(M)ANOVA was significant, post hoc tests were conducted to exactly deter-
mine between what time points the outcome had changed. Since Bonferroni correction for
multiple comparisons is often too conservative, we used the Sidak correction instead [64].
For all RM- (M)ANOVAs, an effect size (η2) between .01–.06 was considered as small,
.06–.14 as medium, and> .14 as large [65]. Significant interactions effects were further exam-
ined by means of paired t-tests, for which Cohen’s d was used as an effect size.
In order to investigate whether follow-up effects were moderated by the amount of
exercise participants engaged in during the follow-up period (H3b), the amount of exercise
during this 12 week follow up period (number of minutes a week) was added as covariate in a
RM-(M)ANCOVA with ‘time’ (post intervention [T1] versus follow up after 12 weeks [T3]) as
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within factor. We were interested in the interaction between the amount of exercise and time,
since this indicates that the development over time in a certain outcome is moderated by the
amount of exercise participants engage in. The follow up effects at 4 weeks after the interven-
tion (T2) were not taken into account, because exercise was measured as the ‘mean number of
minutes a week during the 12 weeks after the intervention’.
Results
Descriptives
The baseline characteristics of participants in each of both conditions are in Table 1. There
were no differences between conditions at baseline. The participants were recruited in the
period of February 2014 to May 2014.
The participant flow diagram is depicted in Fig 1. For the self-report measures, 49 of 50 par-
ticipants in the exercise condition and 48 of 49 participants in the control condition completed
all questionnaires. However, not every participant completed the physical fitness test. Reasons
were: injury (n = 3 [controls]), not willing to do the test for unknown reasons (n = 3), not able
to do the exercise due to extreme fatigue (n = 1), and not enough data points to estimate the
Vo2max due to very low physical fitness (n = 1).
In the exercise condition, four participants dropped out during the intervention: reasons
were injuries (n = 3) and migration (n = 1). Those who got injured, continued to participate in
the measurements of the study. Overall, the compliance during the exercise intervention was
high: on average 14.16 (Standard Deviation [SD] = 3.61) of the in total 18 running sessions
were carried out.
In the control condition, most participants did not exercise during the intervention period.
Only two participants in the control condition started to engage in regular exercise, for on aver-
age 75 minutes and 100 minutes a week respectively. After the intervention period, 40 of the
initial 49 participants in the control condition participated in the exercise intervention.
Effects on primary outcome (Hypothesis 1)
Study-related fatigue. The three indicators of study-related fatigue were significantly
inter-related (at T0: emotional exhaustion and overall fatigue r = .63; emotional exhaustion
and need for recovery r = .35; overall fatigue and need for recovery r = .36). A significant multi-
variate Group × Time interaction effect was found for the combination of the three indicators
of study-related fatigue (F(3,93) = 3.00, p = .026, η2 = .10). As the multivariate test was
Table 1. Background characteristics at study entry.
Exercise condition(n = 50) Control condition(n = 49)
Age, years (mean ± SD) 20.9 ± 2.5 20.7 ± 2.2
Male n (%) 9.0 (18.0) 10.0 (20.4)
Dutch n (%) 39.0 (78.0) 33.0 (67.3)
German n (%) 11.0 (22.0) 16.0 (32.7)
Hours of study a week (mean ± SD) 26.9 ± 12.5 26.7 ± 10.8
Study: Psychology n (%) 37.0 (74.0) 34.0 (69.4)
Study enjoyment (mean ± SD)a 7.8 ± 0.8 7.9 ± 1.1
Additional job n (%, mean hours ± SD) 22.0 (44.0, 6.6 ± 3.9) 21.0 (42.9, 9.1 ± 5.3)
a 1 = no enjoyment at all, 10 = very high level of enjoyment
doi:10.1371/journal.pone.0152137.t001
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significant, we examined univariate main effects. In Table 2, the Group × Time interaction for
emotional exhaustion was not significant, but Group × Time interactions reached significance
for overall fatigue (F = 4.85, η2 = .05) and need for recovery (F = 7.66, η2 = .08). Participants in
the exercise condition showed a stronger decrease in overall fatigue (t(48) = 6.82, p =< .001;
Cohen’s d: 0.90) than those in the control condition (t(47) = 3.08, p = .003; Cohen’s d: 0.46).
Additionally, the exercise intervention resulted in a stronger decrease over time in need for
recovery (t(48) = 7.42, p<.001; Cohen’s d: 0.84) compared to the control condition (t(47) =
2.59, p = .013; Cohen’s d: 0.42).
Fig 1. Participant flow diagram.
doi:10.1371/journal.pone.0152137.g001
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Table 2. Mean (SD) scores of emotional exhaustion, overall fatigue, need for recovery, sleep quality, sleep duration, self-efficacy, and physical fit-
ness pre (T0) and post intervention (T1), at follow-up after 4 weeks (T2) and at follow-up after 12 weeks (T3) per condition.
Outcome
(theoretical range)
T0 T1 Intervention
effects
T2 T3 Follow-up effects
ExerciseM
(SD)
Control M
(SD)
Exercise M
(SD)
Control M
(SD)
Effect Fa η2 Exercise M
(SD)
Exercise M
(SD)
Fb Effectc ΔM
Emotional
Exhaustion (0–6)
3.74 (1.05) 3.78 (0.84) 2.76 (1.16) 3.03 (1.06) G 0.75 .01 2.57 (1.03) 2.27 (1.09) 38.65** T0 vs T2 1.16**
T 66.15** .41 T1 vs T2 0.24
G×T 1.23 .01 T0 vs T3 1.46**
T1 vs T3 0.53*
T2 vs T3 0.29
Overall fatigue(10–
50)
30.47 (5.52) 30.92 (4.91) 25.35 (5.86) 28.29 (6.52) G 2.78 .03 25.46 (5.64) 23.31 (5.50) 38.51** T0 vs T2 4.89**
T 46.67** .33 T1 vs T2 0.06
G×T 4.85* .05 T0 vs T3 6.92**
T1 vs T3 2.09*
T2 vs T3 2.02*
Need for Recovery
(1–4)
2.55 (0.61) 2.36 (0.50) 2.05 (0.58) 2.15 (0.49) G 0.19 .00 2.06 (0.59) 1.97 (0.61) 26.56** T0 vs T2 0.49**
T 45.53** .32 T1 vs T2 0.00
G×T 7.66* .08 T0 vs T3 0.57**
T1 vs T3 0.09
T2 vs T3 0.09
Sleep quality (0–6) 3.08 (1.62) 2.71 (1.40) 2.16 (1.64) 2.75 (1.64) G 0.15 .00 2.11 (1.90) 1.70 (1.79) 15.86** T0 vs T2 -0.94**
T 7.85* .08 T1 vs T2 -0.11
G×T 9.41* .09 T0 vs T3 −1.34**
T1 vs T3 −0.51*
T2 vs T3 -0.40
Sleep duration
(hours)
7.39 (1.10) 7.50 (1.80) 7.45 (0.87) 7.42 (0.90) G 0.05 .00 7.43 (0.77) 7.47 (1.04) 0.16 T0 vs T2 0.06
T 0.02 .00 T1 vs T2 -0.02
G×T 0.38 .01 T0 vs T3 0.08
T1 vs T3 0.04
T2 vs T3 0.04
Self efﬁcacy (1–5) 3.31 (0.52) 3.23 (0.58) 3.38 (0.59) 3.17 (0.61) G 1.75 .02 3.41 (0.51) 3.44 (0.54) 1.49 T0 vs T2 -0.08
T 0.04 .00 T1 vs T2 -0.04
G×T 2.92 .03 T0 vs T3 -0.10
T1 vs T3 -0.05
T2 vs T3 -0.02
Vo2max
d 28.45 (5.46) 27.93 (4.14) 29.39 (5.19) 28.35 (3.95) G 0.67 .01 e 29.65 (5.40) 2.67 T0 vs T3 -1.11
T 4.69* .05 T1 vs T3 -0.26
G×T 0.63 .01
Note. Relevant effects are in bold; M = Mean, SD = Standard Deviation, F = F-statistic, ΔM = change in mean, η2 = effect size, G = Group effect, T = Time
effect; G×T = Group × Time effect
a Univariate effect of (M)ANOVAs with ‘time’ (pre vs. post) as within subjects factor and ‘condition’ (exercise vs. control) as between subjects factor
b Time effect pre (T0) vs post (T1) vs 4 weeks after the intervention (T2) vs 12 weeks after the intervention (T3), only for the exercise condition
cPost hoc tests using Sidak correction
d 8 missing values
e Vo2max was not assessed at T2
* p = <.05
** p = <.01
doi:10.1371/journal.pone.0152137.t002
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Table 3 shows the extent to which the intervention resulted in clinical meaningful changes
in emotional exhaustion and overall fatigue (i.e. participants who recovered from T0 to T1; for
emotional exhaustion:<2.2 on the UBOS; for fatigue:<22 on the FAS). Chi Square tests
revealed that, for emotional exhaustion, the proportion of recovered participants was margin-
ally higher in the exercise condition than in the control condition (χ2(1) = 3.72, p = .054, φ =
.196). For overall fatigue, the proportion of recovered participants was higher in the exercise
condition (χ2(1) = 4.738, p = .036, φ = .212). Taken together, the results generally support
Hypothesis 1, as we found that participants in the exercise intervention showed a larger
decrease in overall fatigue and need for recovery over time compared to the wait list controls.
Effects on secondary outcomes (Hypotheses 2a to 2e)
Sleep. A significant multivariate Group × Time interaction effect was found for sleep
(F(2,94) = 4.73, p = .011, η2 = .09). Univariate tests (see Table 2) revealed a significant
Group × Time interaction for sleep quality (F = 9.41, η2 = .09), in support of Hypothesis 2a. T-
tests showed that sleep quality improved in the exercise condition (t(48) = -3.97, p<.001,
Cohen’s d: 0.56), but not in the control condition (t(48) = 0.20, p = .844, Cohen’s d: -0.03). In
the absence of a significant Group × Time interaction effect for sleep duration,Hypothesis 2b
was not supported.
Self-efficacy. For self-efficacy, no significant Group × Time effect was found (p = .091; see
Table 2). Hence, Hypothesis 2c was not supported.
Physical fitness. No Group × Time effect for physical fitness was found (see Table 2).
Therefore, Hypothesis 2d was not supported.
Cognitive functioning. Table 4 shows the results of the RM-(M)ANOVAs for cognitive
functioning. A significant Group × Time interaction was found for self-reported cognitive
functioning (F = 26.60, η2 = .22). T-tests revealed that ‘exercisers’ showed a decrease in cogni-
tive failures over time (t(48) = 5.85, p =< .001, Cohen’s d: 0.87), while no such change was
found in the control condition (t(47) = -0.80, p = .429, Cohen’s d: -0.07).
Mixed results were found for the cognitive tests. It is important to note that technical prob-
lems caused inadequate recording of the T1-reaction times for some participants: for 9 partici-
pants with respect to the 2-back test (updating), and for 17 participants with respect to the
SART (inhibition). Analyses were only conducted for participants with adequate recordings.
For inhibition (SART) we found a significant Group × Time interaction (F = 5.98, η2 = .07).
Additional t-tests showed that participants in the exercise condition improved (t(40) = -2.35,
p = .024, Cohen’s d: 0.41), whereas those in the control condition did not (t(36) = 1.08, p = .290,
Table 3. Stability and change: percentages of participants who improved, recovered, unimproved or deteriorated on emotional exhaustion, and
overall fatigue from T0 to T1.
Improved n (%) Recovered n (%) Unimproved or deteriorated n (%)
Exercise condition (n = 49)
Emotional exhaustion 42 (85.7) 191 (38.8) 7 (14.3)
Fatigue 40 (86.0) 162 (32.7) 9 (18.4)
Control condition (n = 48)
Emotional exhaustion 37 (77.1) 101 (20.4) 11 (22.9)
Fatigue 33 (68.8) 72 (14.6) 15 (31.3)
Note.
1 lower than 2.2 on the UBOS at T1
2 lower than 22 on the FAS at T1
doi:10.1371/journal.pone.0152137.t003
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Table 4. Results for cognitive functioning pre (T0) and post intervention (T1) per condition.
Outcome (Theoretical range) [Task used] Pre (T0) Post (T1)
ExerciseM (SD) ControlM (SD) ExerciseM (SD) ControlM (SD) Effect F η2
Cognitive Failures (1–5) 2.90 (0.44) 2.75 (0.45) 2.51 (0.46) 2.79 (0.61) G .49 .01
T 17.72** .16
G×T 26.60** .22
Updating [2-Back Task]a 62.16 (12.20) 65.77 (12.81) 73.071 (11.72) 74.422 (13.12) G 1.02 .01
T 83.68** .49
G×T 1.12 .01
Inhibition [SART]a 21.17 (7.12) 24.69 (7.79) 24.373 (8.42) 24.144 (8.76) G 1.44 .02
T 1.03 .01
G×T 5.98* .07
Switching [Matching Task]
RT repetitionb 929.51 (183.36) 923.33 (164.83) 800.74 (129.54) 838.05 (129.54) G 0.04 .00
T 67.07** .42
RT switch b 1014.88 (187.21) 1013 (219.79) 908.87 (152.27) 902.68 (167.43) Rt 61.35** .40
RtxG 0.74 .01
RtxT 0.01 .00
G×T 0.53 .01
RtxG×T 1.38 .02
Motivation(1–10) 8.27 (1.51) 8.05 (1.40) 8.06 (1.74) 7.93 (1.45) G 0.37 .00
T 1.44 .01
G×T 0.13 .01
Fatigue (1–10)
Beforec 6.35 (1.71) 5.73 (2.02) 4.77 (2.02) 5.73 (2.18) G 0.24 .00
T 10.54* .11
G×T 10.54* .08
Afterd 7.31 (1.36) 7.07 (1.50) 6.23 (1.92) 7.11 (1.61) G 1.17 .01
T 5.58* .07
G×T 8.50* .08
Differencee 0.96 (1.38) 1.27 (1.91) 1.46 (1.65) 1.39 (1.73) G 0.18 .00
T 2.47 .03
G×T 1.71 .01
Demands (1–10) 7.47 (1.22) 7.35 (1.07) 6.73 (1.37) 7.20 (1.08) G 0.64 .01
T 16.17** .16
G×T 7.32* .08
Effort (1–10) 7.87 (1.35) 7.68 (1.18) 7.79 (1.66) 7.59 (1.45) G 0.52 .01
T 0.53 .01
G×T 0.00 .00
Note. M = Mean, SD = Standard Deviation, F = F-test, ΔM = change in mean, η2 = effect size, G = Group effect, T = Time effect; G×T = Group × Time
effect
a Correct responses
b Reaction times in milliseconds
c Score before making the cognitive tests
d Score after making the cognitive tests
e Difference score between fatigue before and after making the cognitive tests
1 4 missing values
2 5 missing values
3 7 missing values
4 11 missing values
* p = <.05
** p = <.01
doi:10.1371/journal.pone.0152137.t004
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Cohen’s d: -0.06). No significant Group × Time interactions for updating (2-back test) and
switching (Matching Task) were found.
Table 4 also shows the subjective costs of cognitive test performance. The RM-MANOVA
revealed a significant multivariate effect of the combined subjective costs (F(5,86) = 3.88, p =
.003, η2 = .18). Considering univariate effects, both at T0 and T1, all participants were motivated
to conduct the cognitive tests (mean scores ranging from 7.93 to 8.27), and participants’motiva-
tion did not change (over time) between conditions (no significant ‘Group’ and ‘Group × Time’
interaction). There were significant interaction effects for ‘fatigue’ before (F = 10.54, η2 = .08)
and after (F = 8.50, η2 = .08) the intervention. T-tests indicate that exercisers, over time, became
less fatigued before performing the cognitive tests (t(47) = 4.35, p =<.001, Cohen’s d: 0.84) and
also less fatigued after having performed the cognitive tests (t(47) = 3.70, p = .001, Cohen’s d:
0.65), when compared to controls (before: t(46) = 0.36, p = .719), Cohen’s d: 0, and after: t(45) =
-0.15, p = .878, Cohen’s d: -0.02). The non-significant “difference” interaction effect indicates
that both groups became equally tired from the test battery at both points in time. A significant
Group × Time interaction was found for demands though (F = 7.32, η2 = .08). Exercisers consid-
ered the tests less demanding over time (t(47) = 4.48, p<.001), while controls did not (t(44) =
1.23, p = .227). The non-significant Group × Time interaction of ‘effort’ indicates no across time
difference for the amount of effort expended when conducting the cognitive tests. Taking these
results together, we found partial support forHypothesis 2e (decreased cognitive failures,
increased inhibition, and decreased demands during the tests).
Follow-up effects (Hypothesis 3a)
Table 2 shows the means and standard deviations of the primary and secondary outcomes at 4
weeks (T2) and 12 weeks (T3) after the intervention, for the exercisers only (the controls could
no longer serve as controls during the follow-up as they started to exercise themselves). For the
three combined indicators of study-related fatigue, repeated measures MANOVA showed a
large multivariate effect of ‘time’ (F(9,38) = 13.16, p<.001, η2 = .76). Univariate effects (see
Table 2), were found for all three indicators (emotional exhaustion: F = 38.65, η2 = .46; overall
fatigue: F = 38.51, η2 = .46; need for recovery: F = 26.56, η2 = .37). Post host tests revealed that
exercisers showed a decrease in emotional exhaustion, overall fatigue and need for recovery
from baseline (T0) to follow-up (both at T2 and T3). In addition, emotional exhaustion and
overall fatigue further decreased from T1 (post intervention) to T3 (12 weeks after the
intervention).
With respect to sleep, we found a large significant multivariate effect (F(6,41) = 5.37, p
<.001, η2 = .44). As can be seen in Table 2, the univariate effect of sleep quality was significant
(F = 15.86, η2 = .26). No change over time was found for sleep duration. Post hoc tests dis-
played an increase in sleep quality from baseline (T0) to follow-up (both at T2 and T3), and
from post intervention (T1) to 12 weeks after the intervention (T3). No significant time effects
were found for self-efficacy and physical fitness, meaning that these outcomes did not change
over time during follow up among the exercisers.
In summary, we found further improvements from post intervention to 12 weeks after the
intervention in emotional exhaustion, overall fatigue and sleep quality. Therefore, we conclude
thatHypothesis 3a is partially supported.
Exercise maintenance in relation to follow-up effects (Hypothesis 3b)
A total of 40 participants (from 50 in the exercise condition) engaged in regular exercise during
the follow up period, for an average of 113.93 minutes (SD = 88.51) a week, in on average 2.55
(SD = 1.34) exercise sessions a week.
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For study-related fatigue, sleep, and self-efficacy, we did not find significant interaction
effects between the covariate ‘exercise’ and ‘time’ (F’s ranging from to 0.00 to 2.88, all p’s>
.05). This means that follow-up effects were not moderated by the amount of exercise partici-
pants engaged in during the follow-up period. For physical fitness, the RM-ANCOVA showed
a significant interaction between time and exercise F(1,43) = 4.53, p = .039). To interpret this
interaction effect, we constructed two subgroups based on the minutes of exercise a week:< 60
minutes, and 60 minutes a week. Inspecting the means of these groups revealed that exercis-
ers with 60 minutes of exercise during the follow-up period showed an increase in physical
fitness compared to less active participants. Therefore, we conclude that Hypothesis 3b is partly
supported, since we only found support for this hypothesis with respect to physical fitness.
Discussion
The aim of the present study was to investigate: i) to what extent an exercise intervention was
effective in reducing study-related fatigue (primary outcome) among university students; ii)
whether the exercise intervention was able to improve four secondary outcomes that are related
to high levels of study-related fatigue (sleep, self-efficacy, physical fitness, and cognitive function-
ing); and iii) whether the effects of the exercise intervention were maintained on the longer term.
As to the first aim, it can be concluded that the exercise intervention is effective in reducing
study-related fatigue. We found that—compared to controls—‘exercisers’ showed a larger
decrease in two of the three indicators of study-related fatigue (i.e., overall fatigue and need for
recovery) after the intervention period. Additionally, we showed that exercisers fell more often
below validated cut-off scores of overall fatigue after the intervention period as compared to
controls, implying that the changes found in overall fatigue can be considered clinically mean-
ingful [62]. By supporting a relation between exercise and reduced levels of fatigue, these find-
ings extend previous research also showing an inverse relationship between these two constructs
(e.g. [23,66]). It is probable that biological (e.g., faster cardiovascular recovery after stress expo-
sure; [20]) as well as psychological mechanisms (i.e., psychological detachment; [16]) are
responsible for this relation. Our study, however, offers no definitive conclusions about the
exact mechanisms that may mediate the reduction in study-related fatigue among exercisers.
One unanticipated finding was that exercisers did not show a larger improvement in emo-
tional exhaustion than the control group. Instead, both groups showed a decrease over time in
this outcome. This decrease in both groups may be confounded by the timing of this study dur-
ing the course of the study year. That is, the post-intervention measurements were done in the
period between May and July, and in this period (in the Netherlands) students know whether
they have earned enough European credit points to be admitted to the next study year. This
may decrease study stress and accompanying fatigue. As—compared to the other two measures
of fatigue—the emotional exhaustion-measure is most explicitly related to fatigue as a conse-
quence of the study, this may contribute to the decrease in this outcome in both groups.
As to our second aim, the exercise intervention proved to be effective in improving sleep
quality. Inspection of the separate items of the sleep quality scale revealed that especially ‘non-
restorative sleep’ (i.e. feeling not refreshed when waking up) improved among participants in
the exercise condition (results can be obtained from the first author). Contrary to expectations,
we did not find an effect of exercise on sleep duration. This results may be explained by the fact
that, at pre-intervention, 82.83% of the students already slept between the 7–9 hours that are
recommended for young adults of 18–25 years of age [67], which left not that much potential
for improvement.
Based on the idea that exercise generates feelings of personal mastery, we expected the exer-
cise intervention to increase participants’ self-efficacy. However, no such effect was found. One
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explanation for this non-significant finding may be that—at least during the relatively short
duration of the intervention period—exercise does not benefit self-efficacy in general, but
rather affects participants’ ‘exercise self-efficacy’. This type of self-efficacy specifically refers to
confidence in one’s ability to exercise on a regular basis and has indeed been found to be
improved after exercise interventions [30].
We did not find the expected improvement in physical fitness among students who
received the exercise intervention. It is possible that the intensity of running in this study was
too low to induce substantial changes in VO2max. Indeed, a previous study by Puetz, Flowers
and O’Connor [23] also failed to find changes in VO2max in fatigued students who received
low intensity exercise for six weeks, but did find such changes among students who received
moderate intensity exercise for six weeks [23]. Yet another possibility is that the measurement
of physical fitness, which was based on the Conconi paradigm, lacks validity [47–49]. At least,
our results seem to illustrate that a change in VO2max is no precondition for fatigue to
reduce, as is basically suggested by the cardiovascular fitness hypothesis [68]. We did find
that more time spent on exercise during the follow-up period was related to higher VO2max
at the 12-week follow-up.
The exercise intervention under study was effective in improving some of the indicators of
cognitive functioning. Exercisers showed a larger improvement in self-reported cognitive func-
tioning in daily life and a larger decrease in how demanding they experienced the cognitive
tests as compared to controls. This latter decrease could be attributed to the lower fatigue levels
exercisers displayed after the intervention period [58]. We also found a larger improvement in
objectively measured inhibition in the exercise group. This finding should be interpreted with
caution, though, since it could also be attributed to baseline differences between the two condi-
tions and a tendency toward the mean. Thus, although an improvement in self-reported cogni-
tive functioning was found, this result did only slightly co-occur with changes in objective
cognitive performance. A certain dissimilarity between self-reported and objectively measures
of indicators of cognition has also been found in previous research [50,56], and clear explana-
tions have not yet been provided. Overall, the results of the current study are in line with earlier
meta-analyses demonstrating inconclusive results of exercise on cognitive performance
[69,70]. To develop a full picture of the relation between exercise and cognitive functioning,
additional studies will be needed. For instance it is still not known which type, intensity or fre-
quency of exercise is best for optimal effects on cognition [70].
Regarding the third aim of this study, we indeed found that the beneficial effects of the inter-
vention were maintained at 4 and 12 weeks after the intervention. Additionally, emotional
exhaustion, overall fatigue, and sleep quality had further improved 12 weeks after the interven-
tion. These improvements were not affected by the amount of exercise participants engaged in
during the follow up period. This might be due to lack of variance in time spent on exercising,
as most exercisers chose to engage in exercise after the intervention period (80%) on a regular
basis (113.93 minutes [SD = 88.51] a week).
Strengths, limitations, and suggestions for future research
We believe that a major strength of this study is its RCT-design, including longitudinal follow-
up measures, and intention-to-treat analysis [71]. Moreover, we used validated self-reports as
well as objective cognitive performance measures asd, and we collected physiological data
(physical fitness test) to obtain a more complete picture of the effects of the intervention.
Future research may extend this approach by using other objective measures, such as sleep
monitoring [72] or cortisol sampling [73], to gain more in depth knowledge about the (psycho-
physiological) effects of exercise on study-related fatigue.
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On a more practical note, another strength may well be our intervention program. We
found that low intensity running three times a week had beneficial effects on various outcomes.
Although it remains unknown whether this dose/type of exercise delivers optimal effects on
the study outcomes, we showed that this intervention is at least feasible and accessible for uni-
versity students with high levels of study-related fatigue, as dropout remained very low (i.e., 8%
drop out rate) and compliance was high (i.e., 81% of running sessions was attended). Further-
more, a large majority of the students (i.e., 80%) chose to still engage in regular exercise in the
12 weeks after the intervention. It thus seems that this intervention has the potential to stimu-
late regular exercise patterns in the longer term. Future studies are recommended in which dif-
ferent exercise doses or types can be compared for investigating optimal effects on our
outcomes. We believe that the exercise intensity in such studies should not be too high, as this
may not or even negatively impact outcomes such as fatigue [74], cognitive performance [75],
and sleep quality [27], especially in participants who are already fatigued at the start.
Apart from these strengths, several theoretical and methodological issues deserve discussion.
These relate to the choice of employing a non-blinded wait-list design. As a result of using a
wait list as control condition, we cannot rule out that the positive study findings are (partly) due
to other ingredients of the intervention than exercise itself (i.e., non-specific factors), such as
social support that may be provided in the group running sessions. Another consequence of this
design is that we could not make firm conclusions about follow-up effects, as it was not possible
to compare exercisers and controls in that period (i.e., controls received the exercise interven-
tion after six weeks of waiting). Despite the limitations associated with a wait list design, we
believe the choice for such a design is justified, because it is suitable for a first evaluation of a
novel intervention [76] and because a proven effective standard intervention to reduce study-
related fatigue does not exist yet. Another potential limitation of the chosen design is lack of
blinding, which may have enhanced the possibility that positive expectations of the participants
influenced the results [77]. It should be noted, though, that blinding of the participants was by
definition not possible, because they received an ‘active’ intervention. Researchers and trainers
in the current study were not blinded as well, since practical issues relating to the wait list design
did not allow us to do so. However, as our measures did not involve subjective evaluations by
the researchers involved in the study, we believe our study’s findings were not biased by lack of
blinding. We recommend that future randomized controlled trials employ a design and mea-
surements that make it possible to further distillate whether specific (i.e., exercise) and/or non-
specific factors (i.e., social support, placebo effect) of the intervention are responsible for the
beneficial effects on study-related fatigue. For instance, a comparison between individual versus
group exercise may reveal to what extent social support is responsible for positive effects.
Theoretical and practical contributions
We believe the results of the present study contribute to current evidence about exercise and
study-related fatigue both theoretically and practically. With respect to theoretical contribu-
tions, we were among the first to investigate the association between exercise and study-related
fatigue by using a strong methodological design. We showed that regular exercise at a low
intensity has major benefits compared to time alone. Moreover, these effects did not fade away
and persisted till at least twelve weeks after the intervention. Results found in this current study
could form a basis for future studies investigating the working mechanisms of exercise on
study-related fatigue and effectiveness studies that examine the effects of the intervention in
daily practice.
With regard to practical contributions, we showed that exercise can effectively be applied as
an intervention for student well-being. Furthermore, follow-up measures imply that the
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intervention has the potential to promote regular exercise and accompanying beneficial effects
in the longer run. As exercise is accessible, simple, and inexpensive, this study offers practical
suggestions for students and professionals who work with students. Students experiencing
fatigue problems should be supported and encouraged to engage in regular exercise, for
instance by offering a university exercise programs like the exercise intervention under study.
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